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Abstract
Several studies revealed inconsistencies in recommended feed particle size for optimal growth and 
productive performance of rabbits. Information on the interaction effect of feed form and feed particle 
size on rabbit’s growth performance and gut morphology is thereby a growing concern. Hence, the 
growth response, carcass yield and intestinal villus morphology of thirty-six growing male rabbits of 
mixed breeds (Chinchilla × New Zealand White) weighing between 550-600g were determined using 
two feed forms (FF): pellets and crumbs of different particle sizes (PS): 1 and 2 mm. The rabbits were 
allotted on weight equalization basis to crumbs and pellets composed of 1 and 2 mm PS in a 2 × 2 
factorial experimental layout and subjected to Completely Randomized Design. Nine (9) rabbits were 
assigned to each treatment made of three replicates of three rabbits each. The rabbits were maintained on concentrate diets ad libitum for 10 weeks. Two rabbits per replicate with representative mean live 
weight were selected for carcass evaluation at the 10th week and the remaining one was used for intestinal 
villus morphology. FF and PS significantly (P<0.05) influenced the cost/kg feed but did not influence the 
growth responses. Rabbits on 1mm PS feed had a higher (P<0.05) dressing percentage (65.61 %) than 2 
mm. Also, rabbits fed crumbs containing 1 mm PS recorded the highest dressing percentage. Rabbits on 
1mm PS feed had a higher (P<0.05) lamina propria depth (172.50 µm) and apical width (52.50 µm) of 
ileum. Significant (P<0.05) interaction effects were observed for lamina propria depth (LPD) and basal 
width with rabbits fed crumbs of 1 mm PS having the highest LPD. It was concluded that carcass yield of 
growing rabbits could be optimized by feeding pellets or crumbs of 1mm particle size.
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INTRODUCTION
Over the years studies have shown that diets 
have been an important source of variation in 
growth performance and carcass traits of rabbits (Laudadio et al., 2009). The physical structure, 
especially particle size of feed, is also an important 
characteristic that influences digestive behaviour 
in rabbits. Rabbits have a digesta separation me-
cha nism in the colon which results in selective 
retention of fluid and fine feed particles in 
the caecum (Sakaguchi et al., 1992). The low 
digestibility of fibre in the rabbit seems to be 
related to this digestive strategy which results in 
the relatively rapid elimination of large particles, enabling the animal to maintain a higher level of 
feed intake than it would otherwise be able to. The 
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reduction of dietary particle size by finely grinding 
the diet has produced variable results (Gomes et 
al., 2000; Lambertini et al., 2000; Nicodemus et 
al., 2006) which thereby showed that increase in 
the dietary fibre source does not always lead to 
modifications in slaughter yield (Nicodemus et al., 
2006). 
Apart from providing feed, the form of feed 
presentation such as mash, crumbs and pellets 
is important for effective utilization and a crucial 
factor in meat yield. Available data clearly suggest 
that grain particle size is more critical in mash 
feeds than in pelleted or crumbled feeds (Cabrera, 
1994; Peron et al., 2005). According to Jafarnejad 
et al. (2010), pellet system of feeding is really 
a modification of the mash system. Improved 
performance in pellet feeding is attributed to 
a decrease in feed wastage, reduced selective 
feeding, destruction of pathogenic organism and 
improved palatability (Mirgheleni and Golian, 
2009). Crumbs feed on the other hands is feed 
prepared at the mill by pelleting of the mixed ingredients and then crushing to a coarser than 
mash, granular form. It has the advantage of being 
dust-free, irregular and granular (Ensminger et al., 
1990). 
One option to improve pellet quality is 
through reduced ingredient particle size.  Particle 
size reduction was reported to facilitate greater 
interaction with digestive enzymes because of the greater amount of surface area available 
for enzyme access in the animal (Engberg et al., 
2002).  Finer reduction increases the number and 
size of particles, and hence the overall surface 
area per unit volume, which may allow greater 
access to digestive enzymes and increase digestive 
efficiency. Research conducted in swine has shown 
a linear improvement in the feed conversion ratio 
of finishing pigs as the particle size of the cereal grain in the diet decreased (Engberg et al., 2002). 
The success of particle size reduction in broiler 
chicken was also noted in a recently published 
article by Aderibigbe et al. (2013) which has led 
to this study in rabbit production. Moreover, the dearth of information on the effect of interaction 
of feed form and feed particle size on rabbit’s 
growth performance, carcass yield and intestinal 
villus morphology necessitated this study. 
MATERIALS AND METHODS
The experiment was carried out at the 
Rabbitry unit of the Teaching and Research Farm 
Directorate (TREFAD), Federal University of 
Agriculture, Abeokuta (FUNAAB), Ogun State, 
Nigeria. This area is situated in the rainforest 
vegetation zone of South-western Nigeria on 
Latitude 7°13΄ 49.46΄΄ N, Longitude 3° 26΄ 11.98΄΄ 
E and altitude of 98 m above sea level. The climate 
is humid with a mean annual rainfall of 1003 mm; 
temperature, 31.9 to 34.8 0C and relative humidity 
of between 79.7 to 90.1 %.  
Thirty-six (36) weaned male rabbits of mixed 
breeds (Chinchilla × New Zealand White) with 
live weight ranging between 550-600g were used 
for the experiment. The rabbits were purchased 
from a reputable commercial farm in Oyo, Oyo 
State, Nigeria. The rabbits were allotted on weight 
equalization basis into two different feed forms 
of crumbs and pellets composed of two different 
particle sizes of 1 mm and 2 mm, respectively. 
Nine (9) rabbits were assigned to each treatment 
group and each group was replicated thrice with 
three (3) rabbits per replicate.
The rabbits were subjected to two weeks 
adjustment period on the same feed as that was used 
for the experiment before the incorporation of the 
experimental diets. The experiment was carried 
out for the duration of ten (10) weeks during which 
they were maintained on concentrate diet only (ad 
libitum) as shown on Tab. 1. Antibiotics and multi-
vitamins were administered orally in the course 
of the experiment to boost their health status 
and for optimum feed consumption respectively. 
The rabbits were housed in groups (replicate) 
of three (3) rabbits in each hutch cage unit (70 
cm x 60 cm x 40 cm) with screen floor for easy 
evacuation of faeces. Feed and water troughs were 
provided in the cages with unrestricted access to 
feeds and clean drinking water. The rabbits were 
raised under natural ambient temperature and 
light. Daily routine management procedures were 
adhered to.
The diet was processed into four different 
diets consisting of crumbs and pellets of 1 mm and 
2 mm particle sizes. The macro feed ingredients 
(maize, soybean, wheat offal and palm kernel 
cake) were milled and sieved using 1 mm mesh 
and the particles that passed through the mesh 
were considered to be feed of particle size ≤ 1 
mm, while the macro feed ingredients that passed 
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through 2 mm mesh were considered to be feed of 
particle size ≤ 2 mm. The milling and sieving were 
carried out for each macro ingredient separately 
before mixing at stated proportions. The micro 
feed ingredients (ground bone meal, fishmeal, 
limestone, premix and salt) were then added 
equally into the sieved macro feed ingredients of 
four diet groups consisting of 1 mm and 2 mm 
feed particle sizes for both crumbs and pellets, 
respectively.
Data were taken daily on the performance of 
the rabbit for feed intake and body weight gain. 
The data on feed conversion ratio, protein intake, 
protein efficiency ratio, cost of feed consumed per 
rabbit and cost of feed consumed per weight gain 
were calculated. The costing was done based on 
the prevailing market prices for the ingredients.
Two (2) rabbits each were selected from 
each replicate at the end of the 10th week of the 
experiment. Feed was withdrawn for 12 hours 
from the rabbits so as to empty their gastro 
intestinal tract (GIT) and to reduce the variability 
in body weight due to intestinal content. Prior to 
slaughtering, the rabbits were weighed. The rabbits 
were later stunned, bled and scalded using fire and 
then eviscerated. The carcass weight and dressing 
percentage were determined and recorded. The 
carcass was cut into retail parts (fore limb, hind 
  Tab. 1: Gross composition (%) of experimental diet (DM basis)
Feed ingredient Composition
Maize 40.00
Soya bean meal 10.00
Wheat offal 24.00











Determined analysis 1 mm particle size 2 mm particle size
Dry matter 90.40 92.40
Crude protein 16.96 17.20
Crude fibre 7.54 8.82
Ether extract 3.77 3.54
Nitrogen-free extract 56.60 55.51
Ash 5.53 7.51
*1 kg of vit/mineral contained: vit. A, 10 000 000 iu; vit. D3, 200 000 iu; vit. E, 12 500 iu; vit. K, 1.30 g; vit B1, 1.30 
g; vit. B
2, 
4.00 g;  Dicalcium-pantothenate, 1.30 g; vit. B6, 1.30 g; vit. B12, 0.01 g; nicotinic acid, 15.00 g; folic acid, 
0.05 g; biotin, 0.02 g; Co, 0.20 g; Cu, 5.00 g; Fe, 25.00 g; I, 0.06 g; Mn, 48.00 g; Se, 0.10 g; Zn, 45.00 g; choline chlo-
ride, 200.00 g; BHT, 50.00 g
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limb, chest, neck, loin, back, head and tail) and 
then weighed with a sensitive electronic weighing 
scale. The weights of the liver, kidney, heart and 
lung were taken. The weights were then expressed 
as percentages of live weight.
At the end of the 10th week of the experiment, 
one (1) rabbit from each replicate, with body 
weights that are average weights of each replicate, 
were used for the microscopic study of intestinal 
villus morphology and histology. The length of 
each intestinal segment was determined with 
a flexible tape on a glass surface to prevent 
inadvertent stretching. Thus, the length (±0.1 mm) 
of the duodenum (from the pyloric junction to the 
distal-most point of insertion of the duodenal 
mesentery), the length of the jejunum (from the 
distal-most point of insertion of the duodenal 
mesentery to the Meckel’s diverticulum), and 
length of the ileum (from the Meckel’s diverticulum 
to the ileocecal junction) were taken. The method 
described by Iji et al. (2001) was adhered to. 
The proximate compositions of the two feed 
forms, each having 1 mm and 2 mm particle sizes 
were determined according to the methods of 
AOAC (2005). 
The data collected were arranged in a 2 x 2 
factorial experimental layout  containing two feed 
forms (crumbs and pellets) of two different feed 
particle sizes (1 mm and 2 mm) and then subjected 
to Completely Randomized Design. Significantly 
(P<0.05) different means were separated using 
Duncan’s Multiple Range Test as contained in 
Statistical Analysts Software (SAS, 2003) package.
RESULTS AND DISCUSSION
The effects of interaction between FF and PS 
on the growth response of growing rabbits are 
shown in Tab. 2. No significant effects (P>0.05) 
were recorded in the interaction of FF and PS on 
the parameters measured except in the cost per 
kilogram feed. The similarity recorded agreed with 
previous findings that grain particle size was more 
critical in mash feeds, than in pelleted or crumbled feeds (Peron et al., 2005) and this may be brought 
about primarily by rabbits inability to sort out 
preferred feed items in pellets and crumbs. This is 
corroborated by the fact that weight gain is directly 
proportional to feed intake as long as there is little 
or no variation in the nutrient composition of the 
feed. However, this is contrary to the reports by Tufarelli et al. (2010) who observed a significant 
Tab. 2: Effect of interaction between feed form and particle size on growth response of growing rabbits
Feed form          Pellet           Crumb
Particle size 1 mm 2mm  1 mm  2 mm SEMParameters
Initial weight (g/rabbit) 777.80 827.80 816.67 811.10 13.14
Final weight (g/rabbit) 1672.20 1711.47 1744.43 1761.10 35.75
Weight gain (g/rabbit/day) 12.96 12.81 13.45 13.77 0.54
Feed intake (g/rabbit/day) 81.71 81.01 80.84 82.19 2.18Feed conversion ratio 6.30 6.32 6.03 6.01 0.18
Mortality (%) 0.00 0.00 0.00 0.00 0.00
Protein intake (g/rabbit/day) 13.69 13.95 13.55 14.15 0.37
Protein efficiency ratio 0.95 0.92 0.99 0.97 0.03
Cost/kg feed (N) 110.00b 110.00b 115.00a 115.00a 0.00
Cost of feed consumed/ rabbit (N) 620.15 614.90 641.45 652.18 19.87
Cost of feed consumed/ weight gain (N/Kg) 0.69 0.70 0.69 0.69 0.02
a, b: Means in the same row with different superscripts differ significantly (P<0.05)SEM= Standard Error of Means N158.70 = 1$
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improvement in the feed efficiency of rabbits fed 
on pellets of finely ground particle size to pellets of 
coarse particle size. No (0 %) mortality of rabbits 
was recorded in the course of the experiment. The 
cost per kilogram feed (P<0.05) of pelletized feed 
of 1 and 2 mm PS have a lower cost of feed per 
kilogram of than crumbs of 1 and 2 mm PS which 
have a higher cost of feed per kilogram. The higher 
cost of crumbs feed was negligible considering the 
numerical higher weight gain of growing rabbits 
on crumbs. 
In the interaction between feed forms (FF) 
and particle size (PS) on carcass yield of growing 
rabbits shown in Tab. 3, significant (P<0.05) diffe-
rences were obtained in dressing percentage, 
forelimb, back and lungs. The growing rabbits fed crumbs of 1 mm PS have the highest dressing 
percentage while the growing rabbits fed pellets 
of 2 mm PS and crumbs of 2 mm particle size were 
lower. This is in consonance with the findings of Tufarelli et al. (2010) that a smaller particle size 
of concentrates in pelleted diets improved carcass 
traits in rabbits. This however disagreed with the 
notion that particle size of rabbit diets does not 
always lead to modifications in slaughter yield (Nicodemus et al. 2006). The highest forelimb was 
observed in growing rabbits fed pellets of 1 mm 
particle size and the lowest from growing rabbits 
fed pellets of 2 mm particle size. The lungs was 
highest in growing rabbits fed crumbs of 2 mm 
particle size and the lowest from growing rabbits 
fed pellets of 2 mm particle size. It should be noted 
that the variation in the size of the lungs among 
the growing rabbits might not be attributable to 
nutrition but probably the health status of the 
rabbits.
In Tab. 4 the interaction between FF and 
PS on Intestinal villus morphology of growing 
rabbits shows significant (P<0.05) differences in 
duodenum villus height, duodenum lamina pro-
pria depth, duodenum apical width, jejunum villus 
height, jejunum lamina propria depth, ileum villus 
height, ileum lamina propria depth, ileum lamina 
propria depth and ileum basal width. The growing 
rabbits fed pellets of 1 mm PS and crumbs of 2 mm PS have higher duodenum villus height than 
growing rabbits fed pellets of 2 mm PS and crumbs 
of 2 mm PS. The growing rabbits fed pellets of 2 
Table 3: Effect of interaction between feed form and particle size on carcass characteristics of growing rabbits
Feed form             Pellets              Crumbs
Particle size 1 mm 2 mm 1 mm 2 mm SEMParameters
Live weight (g/rabbit) 1700.00 1725.00 1733.33 1775.00 82.99
Carcass weight (g/rabbit) 1093.62 1098.88 1158.38 1110.87 45.04
Dressing percentage (%) 64.36ab 63.73b 66.86a 62.54b 1.41
Cut-up parts1Head 9.61 9.50 9.55 9.33 1.01Fore limb 11.94a 10.86b 11.43ab 11.44ab 0.42Hind limb 17.79 17.07 17.06 16.46 0.79Chest 11.45 10.57 11.15 10.78 1.04Loin 8.11 8.01 8.91 8.00 1.42
Back 12.49b 14.19ab 14.49a 12.67b 0.86
Neck 2.58 3.05 3.82 3.19 0.61Organs2Lungs 0.68bc 0.65c 0.83ab 0.90a 0.09Heart 0.31 0.28 0.26 0.25 0.05
Kidney 0.90 0.86 0.93 0.86 0.17Liver 2.92 2.74 2.73 2.69 0.22
a, b, c: Means in the same row with different superscripts differ significantly (P<0.05)
1, 2: Percentages of the live weight   SEM= Standard Error of Means
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mm PS recorded the highest duodenum basal 
width than the growing rabbits fed pellets of 1 
mm PS, the growing rabbits fed crumbs of 1 mm 
PS and the growing rabbits fed crumbs of 2 mm 
PS.  Growing rabbits fed crumbs of 2 mm PS had 
the highest villus height in jejunum and the lowest 
was recorded in growing rabbits fed pellet of 2 
mm PS. However, the growing rabbits fed crumbs of 1 mm PS feed had the highest ileum lamina 
propria depth while the growing rabbits fed 
pellets of 1 and 2 mm PS have the lowest ileum 
lamina propria depth. Growing rabbits fed pellets 
of 1 mm PS recorded the highest ileum basal width 
was recorded growing while the lowest was in 
growing rabbits fed pellets of 2 mm PS. The varying 
degrees of effect on intestinal villus morphology 
agree with the reports by Loddi (2003) who 
described differences in villus morphology found 
in the intestinal mucosa but contrary to reports 
by Tufarelli et al. (2010) that feeding of pellets of 
finely ground particle size to rabbits does not have 
any negative effect on intestinal or gut morphology.
Table 4: Effect of interaction between feed form and particle size on Intestinal villus 
morphology of growing rabbitsFeed form             Pellets           Crumbs
Particle size 1 mm 2 mm 1 mm 2 mm SEMParameters
Duodenum (µm)Villus height 345.00a 285.00b 275.00b 355.00a 5.00
Lamina propria depth 75.00bc 65.00c 185.00a 115.00b 10.00
Basal width 55.00b 75.00a 45.00b 35.00b 5.00
Apical width 35.00 45.00 30.00 25.00 6.25
Jejunum (µm)Villus height 270.00b 60.00d 185.00c 335.00a 12.50
Lamina propria depth 110.00a 115.00a 70.00b 60.00b 8.75
Basal width 65.00 45.00 55.00 70.00 6.25
Apical width 25.00 30.00 35.00 40.00 6.25
Ileum (µm)Villus height 240.00c 245.00c 390.00b 470.00a 13.75
Lamina propria depth 110.00c 90.00c 235.00a 190.00b 8.75
Basal width 90.00a 55.00b 65.00ab 60.00ab 7.50
Apical width 55.00 35.00 50.00 30.00 7.50
a, b, c, d: Means in the same row with different superscripts differ significantly (P<0.05)SEM= Standard Error of Means
CONCLUSION
It was concluded that carcass yield of growing 
rabbits could be optimized by feeding pellets or 
crumbs of 1mm particle size.
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